Abstract. Fuzzy models occupy one of the dominant positions on the research agenda of fuzzy sets exhibiting a wealth of conceptual developments and algorithmic pursuits as well as a plethora of applications. Granular fuzzy modeling dwelling on the principles of fuzzy modeling opens new horizons of investigations and augments the existing design methodology exploited in fuzzy modeling. In a nutshell, granular fuzzy models are constructs built upon fuzzy models or a family of fuzzy models. We elaborate on a number of compelling reasons behind the emergence of granular fuzzy modelling, and granular modeling, in general. Information granularity present in such models plays an important role. Given a fuzzy model M, the associated granular model incorporates granular information to quantify a performance of the original model, facilitate collaborative pursuits of knowledge management and knowledge transfer. We discuss several main categories of granular fuzzy models where such categories depend upon the formalism of information granularity giving rise to interval-valued fuzzy models, fuzzy fuzzy model (fuzzy 2 models, for short), and rough -fuzzy models. The design of granular fuzzy models builds upon two fundamental concepts of Granular Computing: the principle of justifiable granularity and an optimal allocation (distribution) of information granularity. The first one supports a construction of information granules of a granular fuzzy model. The second one emphasizes the role of information granularity being treated as an important design asset. The underlying performance indexes guiding the design of granular fuzzy models are discussed and a multiobjective nature of the construction of these models is stressed.
Introduction
In system modeling, knowledge management comes vividly into the picture when dealing with a collection of individual models. Such models being considered as sources of knowledge, are engaged in some collective pursuits of a collaborative development to arrive at modeling outcomes of a global nature. The result comes in the form of a so-called granular fuzzy model, which directly reflects upon and quantifies the diversity of the available sources of knowledge (local models) involved in knowledge management.
Let us consider a system for which constructed is a family of models. The system can be perceived from different points of view, observed over some time periods and analyzed at different levels of detail. Subsequently, the resulting models are built with different objectives in mind. They offer some particular, albeit useful views at the system. We are interested in forming a holistic model of the system by taking advantage of the individual sources of knowledge -models, which have been constructed so far. When doing this, we are obviously aware that the sources of knowledge exhibit diversity and hence this diversity has to be taken into consideration and carefully quantified. No matter what the local models look like, it is legitimate to anticipate that the global model (say, the one at the higher level of hierarchy) is more general, abstract. Granularity of information [1] [7] becomes of paramount importance, both from the conceptual as well as algorithmic perspective, in the realization of granular fuzzy models. Subsequently, processing realized at the level of information granules gives rise to the discipline of Granular Computing [2] [3] . From the algorithmic perspective, fuzzy clustering [4] and clustering are regarded as fundamental development frameworks in which information granules are constructed.
The objective of this study is to introduce a concept of granular fuzzy models, offer several convincing arguments behind their emergence and provide with taxonomy of categories of tasks in which information granularity arises as an important design asset facilitating constructive pursuits in knowledge management. We start with a discussion of the two conceptual and algorithmic underpinnings of Granular Computing, namely a principle of justifiable granularity and an optimal allocation of information granularity (Section 2 and 3). These two ideas are essential to the realization of granular fuzzy models. Four fundamental modes of knowledge management are identified (Section 4). Conclusions are covered in Section 5.
The Principle of Justifiable Granularity
Here we are concerned with the formation of a single information granule based on some experimental evidence being a set of a single-dimensional numeric data D = {x 1 , x 2 , ..., x N }. The principle of justifiable granularity [5] is concerned with a formation of a meaningful information granule. Such construct has to adhere to the two intuitively requirements: (i) the numeric evidence accumulated within the bounds of Ω has to be as high as possible. By doing so, we anticipate that the existence of the information granule is well motivated (justified) as being reflective of the existing experimental data.
(ii) at the same time, the information granule should be as specific as possible meaning that it comes with a well-defined semantics. In other words, we would like to have Ω as detailed (specific) as possible.
